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Abstract
Imaging and laser scanning technologies, associated advancements in methods for using the data
collected with these instruments, and the rise and availability of mobile platforms such as UAVs for
deploying these technologies, are greatly assisting professional archeologists in locating, documenting,
managing, and preserving archeological and heritage sites. Reality Capture methods- defined here as the
integration of techniques that often include imaging, spatial, and 3D laser scan data - provide rapid and
cost efficient means for recording accurate and highly representative information and conditions about
the world around us. Digitization can assist with preservation, perpetuation, and provide archival security
against loss, damage, or imperilment.
These technologies are being used to digitally document, survey, and accurately represent in three
dimensions, archaeological sites, features, objects, and collections. These survey and documentation
strategies are becoming more common place in the archaeological and heritage preservation toolkit as
prices for hardware and software continue to come down, ease of use and post-processing and computer
capabilities increase, and archiving, accessibility, and file sharing formats are resolved.
The variety of price points and availability of tools including the ubiquity and power of personal cameras
and mobile devices, has led to a growing increase in the number of both avocational and cross-over users
who target heritage, museum, and archaeological sites as interesting applications and market
opportunities. Open source data sites for heritage including 3D object sharing and monetized model
download platforms have recently become more prolific, and there are numerous examples of
archaeological sites and objects portrayed and made available through these type of platforms that largely
showcase exoticism, and often have little to no associated context or meaning.
When in the public domain, data from these 3D, imaging, and spatial technologies, can also have ethical
implications, and may be used for unintended consequences or in the case of 3D data that is tied to
geospatial location information, may even be used by looters in their quest to locate sites and artifacts.
Digitization of museum or collection objects, artifacts, and features can also bring concerns for
commercialization or cultural appropriation, with objects depicted for their exoticism and often lacking
contextual details.
The purpose of this project is to develop an understanding of the current state of 3D and emerging related
technologies, and to examine potentials for best practice and use, as well as navigate considerations for
ethical concerns. These technologies are helping to make data and information broadly available and
accessible, improving the ability to share, interpret, and digitally preserve archaeological information
globally. The ability to rapidly and accurately document the world around us is revolutionizing fields of
archeology and museum sciences and is creating new areas of research integration and curriculum
development. A thoughtful consideration for appropriateness of use and attention to areas of potential
conflict and concern, will help managers, archaeologists, heritage, and museum specialists working in our
nation’s parks, to navigate culturally sensitivity and property rights issues, and become aware of ethical
challenges connected to the application of these tools.
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Introduction
Heritage in our National Parks range from natural and cultural landscapes and constructed environments,
to features and portable artifacts including those associated with exhibition or collection materials.
Differences in scale and representation requirements create unique challenges for digital documentation
projects concerning best methods and approach, with expectations for desired outcomes often exceeding
potentials for the selected technologies. Advances in scalar applications using a variety of terrestrial laser
scanning, LiDAR, and imaging tools can be brought together for an integrated approach to documentation
that can greatly extend capabilities for representation, survey, and digitization across these different
scales (Forte, 2016; Schindling, 2014). Reality Capture approaches that are bringing together a suite of 2D
and 3D documentation tools - many that are low cost and readily available - are leading to wider adoption
of 3D and imaging of cultural objects, features, and landscapes.
3D, spatial, and imaging tools are also helping to increase data access, and are improving the ability to
share, interpret, and digitally preserve archaeological information on public lands. The ability to rapidly
and accurately document the world around us is revolutionizing fields of archeology, museum studies,
and library sciences, and is creating new areas of research integration, archival collection schemes, and
curriculum development. The applications of these technologies are creating new areas in research
integration and offering fresh approaches and opportunities for libraries and museums in particular to
become stronger partners in science through the creation of digital collections and archives (Bonacchi,
2015).
The pace of technological innovation in the area of laser scanning for archeology and heritage is fast, and
with any new approach, guidance and caution is needed. Considerations, not only for best practices, but
for ethical implications such as copyright, permissions, and distribution practices are called for with these
data. This is especially true concerning public or open data sharing, with technology out-pacing our
understandings for representation and other ethical considerations. Numerous best practice issues and
care for how these data are collected, archived, and potentially shared are required. Contemplations for
methods, scale, and appropriateness of technology selection are of paramount concern. Data acquisition
and survey design, as well as critical review of data collected must also be given, with metadata that
includes scale, appropriateness of use, and limitations explicitly stated with data packaged for distribution
or archive. Often, 3D and reality capture projects are lacking any associated metadata, and 3D models and
geospatial data can be presented to the public or made available without much in the way of contextual
information or detail relating to permissions or appropriateness of use.
Concerns relating to the misapplication of digital tools and strategies and balancing open science also
exist. There are potentials for disreputable use of information, promoting looting, inappropriate
replication of objects, or usage of site data for gaming or other online content, perhaps not congruent
with original digitization intent. Public availability and visualization of these data can be accomplished,
but there must be adequate safeguards for ethical concerns with cultural patrimony and copyright to
avoid misuse of data conflicting with intended purpose.
Additionally, survey tools are often being used singularly or inappropriately, without maximizing the
outcome and deliverable potentials, or being applied in a one-size-fits-all mentality with little
consideration for quality, resolution, scale, and representation. The visualization of data using virtual and
mixed reality (including VR, AR and MR), multimedia approaches, 3D printing, and 3D social media
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks
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applications, are greatly evolving in capability for heritage preservation, research, education, and
dissemination. We are now at a watershed moment when thoughtful approaches to both the collection
and the presentation of digital data is needed to ensure that we do not recognize potentials for problems
in hindsight, and instead are able to achieve deeper meaning extending beyond the hype and promise of
technologies (Collins and Doering 2017, 2019).

Types of 3D Data and Technologies
Aerial Laser Scanning
Overview and Applications
Light detection and ranging (LiDAR) can be performed at a number of scales and with a variety of platforms
and equipment types. Scalar consideration can be landscape-level using space-based and aerial surveys,
as well as ground-based and close-range applications documenting built environments, features, or
artifacts. New developments in low altitude aerial survey, covering large landscape areas are also
occurring with advances in unmanned aerial vehicles (UAVs) that can accommodate LiDAR,
photogrammetry, and other imaging sensors and applications.
Aerial LiDAR or Aerial Laser Scanning (ALS) is perhaps more broadly applied and understood in the heritage
and archaeological sectors than is terrestrial LiDAR or terrestrial laser scanning (TLS). Several recent
exciting applications of ALS include large-scale archaeological prospection of sites and are producing
results that provide broader landscape and spatial coverage capabilities (Chase et al. 2017, Von Schwerin
et al. 2016). Powerful new applications for ALS, especially when combined with other forms of remote
sensing information such as hyper and multispectral data for given areas, can also provide important
prospection and management information for archeological and cultural heritage professionals (Historic
England 2018). Trending applications and new discovery potentials also lie in the post-processing of ALS
data, with advances in computer-aided methods for the automatic detection of archeological features,
especially using Geographic Information Systems (GIS) approaches are leading to exciting potentials for
Artificial Intelligence (AI) outputs from these data. For example, ALS datasets can be used to train and test
applications to automatically detect and categorize for archaeological objects, such as mounds,
earthworks, or structural features (Verschoof-van der Vaart and Lambers 2019). Workflows for these
types of research are still complicated and requiring robust computing capacity and knowledge, with
promise for more automatic applications on the near horizon and the field of computational archeology
on the rise.

Challenges and Potentials for Misuse
Challenges for the NPS in relation to these near future ALS managerial and research potentials in parks
relate to differential access to data, survey technologies, and post-processing capacities. For example, of
the 420 parks on the NPS list considered, 74 of these parks were found to have less than a 75% coverage
of area by publically available LiDAR data (Appendix A). Of those 74, 56 of these parks have less than 10%
coverage (Figure 1). These numbers include the continental United States, Alaska, Hawaii, Puerto Rico,
and the US Virgin Islands. Differential access to LiDAR data in parks, will mean that some parks will have
great advantages over others in terms of harnessing the power of these data for management,
prospection, conditional assessments, and for climate science and other research. Our survey of data
availability found accessible open data to present geographic disparities, with all parks east of the
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks
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Figure 1. Publically available ALS LiDAR data for National Park areas, showing data coverage for park locations.

Mississippi River found to have at least 75% LiDAR data coverage, while data in western parks is lacking
or absent entirely. Of the 23 parks in Alaska, only two of these parks had greater than a 75% coverage.
Points of consideration for the misuse of publically available LiDAR data relate not only to the
disproportionate availability of data, but also to how the data is used, represented, or re-shared. Scalar
appropriateness, methods used in collecting or processing, and other important metadata and
appropriateness of use/licensing information should be bundled with data, especially when datasets are
often re-sampled, re-used, or re-shared. This statement of data use becomes increasingly important as
web-based GIS applications and the ability to embed and share online mapping tools becomes more
commonplace. Disclaimer and other use language must be considered not only for data download, but
for data visualization and sharing in relation to online hub and portal platforms. ALS data distribution
through open data sources is overall less likely to be utilized inappropriately for looting or site location
extraction, as it requires a higher degree of processing and software availability to manipulate. Aerial
imagery that is readily available and easier to use, such as through Google Earth and other freely available
mapping platforms is a much more likely source of direct information in these instances. Geospatial Data
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks
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Standards, such as those established and set by the NPS GIS Program and the Cultural Resources
Geographic Information Systems (CRGIS) program, help ensure that data used by the NPS is accurate, upto-date, has appropriate transfer standards, and that sensitive spatial locations are kept secure and
managed.
Agency requests for proposal (RFP) and collaborative research endeavors should also adopt contractual
language relating to project outputs and metadata standards, with standardized language provided in
consultation with the CRGIS or GIS program. Projects including GIS derivatives using ALS should include
metadata that defines how data were processed, the source(s) of data, and other relevant information
using principles such as Federal Geographic Data Committee (FGDC) geographic standards. Examples
include the Content Standard for Digital Geospatial Metadata (CSDGM), and the International Standards
Organization (ISO) geographic metadata standard (19115), which is becoming more widely accepted and
used (FGDC 2019).
Product derivatives from publically available ALS data can be post processed to produce a number of
valuable deliverables and datasets that enable visualization of bare earth and landscape scale elevation
details. LASer (LAS) or native point cloud data obtained from LiDAR, are an industry-standard binary
format that allow airborne LiDAR information to be efficiently stored. These data are able to be used to
preserve detail and handle elevation information, and contain important information about surface
characteristics, allowing for editing of the classification code associated with the LiDAR.
Classifying the LiDAR data enables you to organize into specific data classes while still maintaining the
overall information, allowing for a better understanding of bare earth values or examining different
elevation aspects in the data (Figure 2). Additionally, analytic operations can be performed against the
classification values. Following reclassification of the LiDAR for archeological purposes, manual and
geoprocessing tools are often used to further reveal topographical surface features (Figure 3). Each
iterative step and layer created should appear as a separate file structure in the geodatabase, with
metadata associated with these processes and available for viewing in ArcCatalog (Figure 4). Cartographic
products from these analyses can be used for archeological site condition assessment and for the
furtherance of site understanding and research, such as slope or erosion analysis (Figure 5) (Collins et al.
2018). Using these processing techniques has major advantages for the visualization and differentiation
of archeological features and can have immediate benefits for management and assessment efforts, but
any reclassification of LAS data should be described as a change from the raw LAS file. The geoprocessing
tool parameters used should also be defined and included as part of the discussion.
Common for archeological applications are the processing of data for Digital Elevation Modeling (DEM)
and Digital Surface Modeling (DSM) production. The DEM data can be useful in revealing the bare earth
elevation values, while a DSM can show natural and built features on the Earth’s surface, such as tree
canopy and buildings. Because archeological and cultural landscapes can often include both earth surface
topographies as well as built environment features, combining DEM and DSM ALS datasets is often
preferable to depict a more holistic cultural and natural landscape (Figure 6). Whatever the derivatives or
models produced from the ALS, it is in accord with best practices to describe methods for that processing,
and to provide metadata descriptions viewable in ArcCatalog. In this way any manipulation or changes
made to the raw data are reproducible and preserved.
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Figure 2. Ground point reclassification procedure using LAS data from the Bear Lake Mounds 1-4 area in the Everglades National
Park, showing a more representative digital elevation model (DEM) result. Note the temple mound feature in the upper right was
not at all visible prior to reclassification of the LiDAR data.
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Figure 3. 3D point cloud software was used to select outliers and also to manually clean “noisy” data from the aerial LiDAR. This
process allowed a more clear ground surface model to emerge and be imported back to ArcGIS for the creation of a DEM and
shaded relief surface raster for more representative visualization.

Figure 4. Example of metadata information relating to LiDAR reclassification and DEM derived from LiDAR LAS data.
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Figure 5. Slope model showing areas more susceptible to erosion reflected with red coloration (above), and zoomed to mound
features experiencing high erosion (below).
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Figure 6. Digital Elevation Model (DEM) derived from aerial LiDAR data combined with DSM building information for the area
surrounding the Fort Pulaski National Monument (FOPU), Georgia (above). Zoom to feature showing DSM fort structure detail
(below).
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ALS primary considerations include scale and resolution needs, inability to penetrate heavy canopy, date
of data acquisition from present, and any manipulation and processing of data that occurred prior to
receiving as an end user. Metadata tracking processes performed to data is important to prevent any
misleading information (Historic England 2018). Also inherent to considerations for LiDAR is the need for
field verification, with examination of suspected features and areas of interest necessary to interpret the
data effectively.

Unmanned Aircraft Systems (UAS)-Based Imaging and Structure from Motion (SfM)
Mapping
Overview and Applications
There is a rapid escalation in the adoption and use of Unmanned Aircraft Systems (UAS) technologies,
and as such, a competing tension, balancing benefits and potential impacts of this technology for the NPS,
and raising questions to pertaining to cultural and natural law enforcement concerns. Citing potentials for
impacts to park resources, staff, and visitors, NPS Policy Memorandum 14-05, written by the NPS Director
in 2014 is still in effect today. The policy prohibits launching, landing, or operating a commercial or hobby
UAS (aka drone) from or on lands and waters administered by the NPS within the boundaries of the park
unless approved by the NPS under a special use permit (National Park Service 2014). Today, there are very
few exceptions to this policy, and drone flights over park lands are largely either illegally performed, or
involve permitted research flights or flights by authorized NPS UAS personnel or permitted FAA-approved
UAS service providers (see for example: NPS 2015, NPS 2016).
There are additional rules and compliance necessary with the Federal Aviation Administration (FAA) for
use of unmanned aircraft in national airspace, and Special Security Instructions restricting the airspace
above parks and landmarks at ten Department of the Interior (DOI) locations (Federal Aviation
Administration 2017). Further, a number of small and consumer drone manufacturers are also using
geofencing features - virtual barriers around sensitive locations such as federal lands, prisons, and airports
(General Aviation News 2019). This boundary is dictated by a combination of hardware and software, with
custom unlock zones requiring proof of authorization before geofence unlocks are made (Drone Pilot
Ground School 2019). Geofencing stops UAS takeoffs and flight in restricted places, but is not available on
all drones. Still, many systems, like the popular DJI product line, will not allow takeoff if you try to fly in a
restricted area without an unlock authorization, or if launched properly but encountering a no-fly zone,
the UAS hovers at the edge of that zone. Unauthorized use remain problematic and of concern in parks,
with hardware, software, and regulatory work-around for lawbreakers. Violation of the ban is a
misdemeanor with the maximum penalty of six months in jail and a $5,000 fine (NPS 2017).
Concerns for cultural resources and conflicts with drones include documentation and sharing of sensitive
information with the ability to remotely access or penetrate inaccessible areas to discover or see things
otherwise not readily viewable. Arguably, remote access and seeing the inaccessible can be considered
beneficial as well, but with consumer grade drones at very low cost, hobbyists and those interested in
using UAS tools for illicit purposes create problems for parks. Damages to resources, conflicts with wildlife,
nuisance noise, interference with rescue operations, and impacts to visitor experiences from drones have
all been noted in parks (DroneDJ 2018, McKim 2018, Wallace et al. 2018).
Emerging trends that bring concerns with the UAS market include continuing price point drop and ubiquity
of the technology, size capacity for UASs- both smaller, more affordable, and less detectable varieties that
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks
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lack GPS and therefore have no geofence constraints; and larger varieties that are more sophisticated
offering potentials for heavier payload capacities and combining technologies for digital and spatial data
acquisition. On the software development side, trends relating to low-cost or open source software that
allows for automated flight path planning have expanded disruptive capabilities to the general public
(Wallace et al. 2018). The rapid proliferation and ubiquity of drones as well as the sophisticated
advancements on the hardware, software, and platform configuration sides, make for challenging
direction and adaptation into the future. In 2018, the number of licensed drones in the U.S. exceeded
900,000, and with an estimated 1.39 million small model drones expected by 2023 (FAA 2019).
The regulatory effect of Policy Memorandum 14-05, along with FAA regulations, licensure and registration
requirements, and self-governing developments within the drone sector, are all serving to minimize
concerns and impacts, while providing room for legitimate need and activity. Geofence locking,
instructional materials, and outreach within the drone marketplace have become effective means for
communication and offer some impact minimizing address to management and regulatory concerns (see
for example: DJI’s Flysafe program at https://www.dji.com/flysafe) .
Another growth sector of consideration in the drone market is that of non-model UASs (larger and
generally costing >$2,500.00), where owners are required to register each aircraft, and higher price points
and sophistication of units are noted in both the consumer and professional levels. This sector is often
tied to industry, research, real estate, film and photographic sectors, asset inspection, emergency
management, and law enforcement segments. At the end of 2018, more than 277,000 non-model
owners/operators registered their equipment, and this sector is projected to grow to 835,000 aircraft in
2023 (FAA 2019).
There are also considerations and understanding needed for the benefits to UAS/drones in parks, and
discussion and research around appropriateness and use of permitted applications. As previously
discussed, one of the limitations to ALS LiDAR survey includes differential access to data. ALS is expensive
to fly and process, and the tools and/or data are not available everywhere. Where data is obtainable
through public and open sources, there are often large gaps in time between when the ALS data was flown
and the present-date. This time gap means that ALS is seldom reflective of current conditions, especially
in areas with high degrees of human or natural transformation occurrences. As an alternative to ALS,
drone-based photogrammetry using a SfM and GPS Ground Control Points (GCPs), is an approach that can
allow for the production of highly accurate DSMs. These SfM surveys are flown at lower-altitude often
using consumer-grade, non-model drones, and can provide a less expensive means of mapping and
capturing surface details and geometrically corrected orthoimagery. The lower cost of survey also allows
for more immediacy of application, with more frequent or repeat surveys making monitoring, condition
and deterioration assessment, and disaster or event response scenarios more plausible (Figure 7).
Surveys for archeological and cultural heritage projects using SfM are being performed as a viable
alternative to ALS, allowing accurate, fast, and inexpensive mapping and capture of topography across
smaller areas, as well as built structures and other landscape features. Photogrammetric UAS survey
documentation is an especially important survey tool in areas where ALS LiDAR data are not available.
These methods are also integrated with data from available ALS and remote sensing, allowing for higher
resolution detail capture, particularly useful for areas without a high degree of canopy or vegetative cover.
Advancements and proliferation of drone based platforms for photogrammetry are also pushing a
transformation in applications for the digital capture of historic structures and landscapes using these
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks
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Figure 7. Authorized drone SfM survey of the Castillo de San Marcos National Monument and Environs by the USF DHHC team in
2019. This survey is part of a grant research project using 3D, spatial, and imaging strategies to digitally document the Castillo
and nearby Fort Matanzas National Monument.
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methods. Photogrammetric modeling is used in SfM, taking sequential, overlapping 2D images, used to
estimate three-dimensional surfaces - structure derived from a moving sensor (Figure 8; Micheletti et al.
2015). Besides 3D point clouds, data can be processed to derive DEM and DSM topographic surface
models for landscape areas (Figure 9; Themistocleous 2020). The overlap of images in SfM compensates
for position and orientation, making ground control targeting not necessary, however; the integration of
GPS GCPs improves accuracy and the ability to control or reference SfM data. GPS GCP addition to the
survey provides a means for improving 3D models, DSM, and DEM results. Research into survey
correctness results shows that accuracy of the SfM-based model increases with the quantity of evenly
distributed GCPs (Figure 10; Villanueva and Blanco 2018).

Challenges and Potentials for Misuse
To receive authorization to fly a UAS within NPS boundaries, several permissions, planning, and steps are
necessary to comply with all legal requirements. In the case of the project example shown from recent
work at the Castillo de San Marcos, this entailed working with park administration to comply with the
National Environmental Policy Act of 1969 (NEPA) through the completion of necessary documents. Our
flight also required a Certificate of Authorization (COA) by the FAA (the Castillo and Fort Matanzas areas
are in Class B-D airspace), and the completion of a detailed Project Aviation Safety Plan (PASP). The PASP
was reviewed by the NPS Regional Aviation Manager, and the FAA COA and PASP also required a copy of
our Pilot's License (FAA's Small UAS Rule -Part 107). Further, we completed a Scientific Research Permit
through an Integrated Resource Management Applications (IRMA) portal. This process included a research
design and discussion of methods, as well as a safety, procedural, and visual observation plan. NPS park
administration completed an Approval Template and Briefing Statement Memo that was and conferred
with park law enforcement. Additional requirements included a geofence unlock from DJI and an
approved operation plan from the university. To receive a geofence unlock, you must show your approved
NPS permit and FAA authorization and include a memo of representation from your entity (demonstrating
the pilot’s affiliation with the University of South Florida (USF) in this case). USF has its own requirements
system policy requirements for UAS operations, with approval procedures in place for faculty and
researchers using drones as part of their system activities.
Considerations relating to data and derivatives from SfM survey include formats for archival storage and
working versions for the data, as well as quality parameters and the provision of GCP data and
information. File formats for aerial and terrestrial-based SfM should include Color Corrected JPEG (100%
Quality) images, Terrestrial and Aerial images included, CSV of Camera positions, and X, Y, Z, Yaw, Pitch
and Roll information. Processed data derivatives that can emerge include 3D pointclouds, renders and
models, and DEM and DSM products. Archive, use, and distribution plans for collected data should be
considered as part of any project plan or research design for work in the park system.
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Figure 8. Example of 3D pointcloud from the post-processing of SfM data at the Castillo de San Marcos National Monument
(above). These data will be brought together with aerial and terrestrial laser scanning data, using GNSS GPS control target network
established at the location. Blue flag location indicate established GCP locations seen in this view. Data can be brought into 3D
and reality capture modeling software (below), and used in combination with terrestrial laser scanning data to provide realistic
texture, color, and data capture across areas that can be otherwise difficult to access.
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Figure 9. Example of DSM from the post-processing of SfM data at the Castillo de San Marcos National Monument. The DSM
models contain elevation information from tops of buildings, trees and other surfaces, and are useful for GIS applications with
structural analyses.

The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks

15 | P a g e

Figure 10. Courtyard area of the Castillo de San Marcos National Monument, with GCP target positions shown. Targets are
numbered and are visible in the drone imagery and recognizable in the photogrammetry software applications used in postprocessing of data. Spatial locations are taken with GPS measurements on center of targets.

Terrestrial Laser Scanning
Overview and Applications
Terrestrial Laser Scanning (TLS) affords a higher degree of resolution and point density than ALS, and is
used in heritage to record phenomena at a closer scale. TLS offers a rapid and highly accurate means of
documenting complex archaeological sites and objects in 3D, producing a quantifiable output. Like ALS,
TLS is a form of active remote sensing survey that utilizes light pulses and their reflectance to measure
distance. TLS data can be used to provide high resolution terrain and surface details that are
representative of the object or environment. Along with other forms of portable structured light and
triangulation laser scanning, reality capture techniques and spatial documentation, these tools are
proving especially valuable in the digitization of architecture, monuments, rock art, and carved surfaces
(Doering and Collins 2010).This form of survey is often used in a multi-sensor approach, with
photogrammetry and imaging, Global Positioning System (GPS) survey, ALS, and GIS strategies often
performed together or with data integrated.
TLS survey can be performed using static, mobile, or handheld platforms, and can provide a means of
acquiring direct measurement across complex or difficult to access locales. Tripod-based survey using TLS
is used in heritage and archaeological studies to provide highly accurate dimensional recording of sites,
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features, and objects of interest. Instruments used in the static tripod survey approach range from
centimeter at the long-range landscape scale, to millimeter accuracy, with surveys of built structures and
historic resources generally falling in the one-to-two millimeter accuracy tolerance. Instrument types in
this range include Time of Flight (TOF) or pulse-based scanners, and Phase Shift scanners, with differences
in the way that distance measurements are resolved based on the way that light is sent out from the
instrument. In general terms, phase-based scanners are fast and can acquire data at a rate upwards of a
million points per second, but generally do not penetrate as far as a TOF laser. Phase based scanners can
be more accurate but have limitations on distance, being best suited for documentation out to 300
meters. New technologies are blurring the distance distinctions, with phase and TOF laser scanners now
generally able to be used in similar environments out to several hundred meters depending on the
instrument, but longer range ground based scanning out to kilometers is possible with certain TOF
configurations. Hybrid scanners with reality capture imaging functions are an area of increased direction
in the scanning marketplace, with these hybrid systems providing high performance imaging and texture
photogrammetry capabilities along with laser scanning function.
Preference for work flow and use with integrated surveying strategies, are the most common instrument
selection reasoning. Choice of TLS equipment also centers on data density requirements, data noise and
clarity, ease of use, cost, and instrument weight and size. Trends in scanning instruments have been
moving toward smaller, more portable and easy to use options, with lower price points and integrated
sensors such as high resolution reality capture cameras, on-board computer interface touch screens or
tablet device options, and GPS possibilities. Many of the static or tripod instrument options are able to be
adapted to mobile platforms, such as vehicle mounting, and more recently smaller scanners are being
utilized with UAS drone device deployment.
Data generated from both static and mobile applications provide precise X, Y, and Z measurements in
dense point clouds that represent the external surface of a structure, terrain, or object, and can also
contain information regarding surface reflectivity and color when used with integrated photography and
imaging systems (Figure 11). TLS phase shift and TOF instruments are spherical scanners, and can collect
measurement data and imagery in 360 degrees horizontally and 300 degrees vertically. Data are acquired
rapidly, with survey positions established to allow for movement of the scanner to a prescribed distance
and acquiring targeted commonality between scan locations. Using a variety of software applications in
post-production, typical data derivatives include pointcloud, 3D mesh models (often incorporating reality
capture imaging for surface textures), animations, and computer-aided design (CAD) measured drawings,
and 3D static renders. Scalar and resolution considerations are paramount in the choice and use of TLS,
with differences in hardware capabilities and best practices for resolution settings and capture.
Additionally, for some landscape considerations, ALS may provide measurements or scalar information
reliable for the level of detail necessary to address a research question, such as elevation variation across
an area (Figure 12). In general terms, most mid-range TLS provides millimetric consideration (appropriate
for architecture, features, and landscape phenomena), while ALS provides centimeter level consideration
(appropriate for landscapes, GIS analyses, and/or blending ALS and TLS data for more holistic area
coverage).
Scale, resolution, and post-production processing of data should all be captured in metadata information
for the TLS files, and data should be preserved using the E57 open standard for 3D imaging system data
exchange - a software neutral compliant format. Native data formats specific to the scanner, while
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Figure 11. Point cloud from terrestrial laser scanning data (TLS) capture of the Cockspur Island Lighthouse, FOPU (above), and CAD
sectional landscape analysis from 3D mesh model using TLS data (Collins, Doering, and Gonzalez 2018a).
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Figure 12. 3D mesh model elevations derived from the TLS and reality capture survey performed on the Cockspur Island Lighthouse
(above). Compare the resolution and level of detail to that of data acquired from ALS for the lighthouse area (below) (Collins,
Doering and Gonzalez 2018a).
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important for iterative production steps, should not be relied on as an archival copy of data. According to
the E57.04 3D Imaging System File Format Committee, "The E57 file format is a compact, vendor-neutral
format for storing point clouds, images, and metadata produced by 3D imaging systems, such as laser
scanners. The file format is specified by the ASTM, an international standards organization, and it is
documented in the ASTM E2807 standard. The E57 format was developed by the Data Interoperability
sub-committee of the ASTM E57 Committee on 3D Imaging Systems. An overview of the design and
implementation of the E57 format can be found in the paper 'The ASTM E57 File Format for 3D Imaging
Data Exchange.'" (Open Heritage 3D 2019). Proprietary, ad hoc, and domain specific formats, while useful
for certain procedural processing and working with the data, should not be used for archival preservation
and exchange of TLS data. NPS projects, archiving, and RFP deliverable specifications should call for the
E57 format standard to be used. This format also is supported and able to be imported into open source
and freely available software, such as CloudCompare, that allows for greater accessibility. The format also
offers efficiency for storage and memory use and has LAS compatibility.
Tripod or static survey methods of TLS data capture often involve the use of targets or markers that
provide reference for precise registration of the data. Artificial references using sphere and target
configurations are often specific to the hardware and software choice, and are used as part of a survey kit
to provide means of scan alignment and registration. Alignment can also be obtained based on 3D image
matching procedures that examine natural references, such as planes, rectangles, and corner points, but
these methods often require more overlap commonality between scans and can be less accurate than
using artificial references or assigned coordinates. Target locations can be shot-in using GPS or total
station methods, with coordinate control applied to the scan data for higher accuracy and match (Kincey
2017).
There are numerous examples of successful application of TLS survey methods in the archaeological and
heritage sector. These types of tools have been used to record complex terrains, and perform analyses
relating to land formation and use processes, such as erosion, and change detection. TOF and phase based
spherical scanners are suited for the examination of landscape and architectural built environments. TLS
methods can provide detailed terrain and structural analyses and understanding, with pointclouds used
to produce digital surface models (DSM), contour maps, 3D CAD, elevations, profiles, volumes, and section
details.
TLS is also proving a useful survey strategy in rescue and disaster response scenarios, with examples of
rapid, non-contact survey needs in areas where heritage and archaeological sites are imperiled or
threatened by natural and cultural change and activities such as terrorism and war (Greenop 2017). TLS
survey in difficult to access cave and karst environments is being conducted to help map complex features,
and to conduct pattern and condition assessment, and perform monitoring for erosion and weathering
processes. Geophysical survey techniques in these environments, such as ground penetrating radar (GPR)
survey, can be conducted along with TLS to provide above surface terrain characteristics that relate to the
below surface anomalies, and can be used as a way to accurate map archeological and cultural
phenomena. Data from TLS post-processing can be incorporated into GIS to allow for DEM and DSM
generation, and be incorporated with a number of collected and georeferenced source data material for
comparison of present conditions with previous or contemporary survey strategies, and can be used for
a number of visualization materials such as animations, 3D renders, and sectional analytic graphics
(Figures 13-17; Collins et al. 2017b).
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Figure 13. Screen capture from 3D animation of Russell Cave National Monument, using data from the 2016-2017 TLS project
undertaken by the authors.

Figure 14. Annotated mesh model produced from the TLS survey data at Russell Cave. Model can be viewed at
https://skfb.ly/6LWIP .

The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks

21 | P a g e

Figure 15. TLS data from the survey at Russell Cave was utilized to produce a DSM cave floor map. Shown here is a plan view
perspective using post-processing techniques of Ambient Occlusion shading (considers geometry and light to consider how is
shaded in reality. The above cave floor has no color values, while the lower image has color values applied (Collins, Doering and
Gonzalez 2017b).
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Figure 16. DSM with hillshade model derived from TLS to reveal archeological area of interest at Russell Cave National Monument.
Previous archeological survey boundaries from historical maps are shown in relation, as is data from contemporary GPR survey.
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Figure 17. DEM derived from TLS survey and used to delineate archeological and natural features of interest to the survey. Data
derivatives and mapping with TLS is performed here in a GIS platform.
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Traditional methods of site survey for heritage preservationists and archaeologists are often timeconsuming and involve the use of subjective techniques such as sketch and field drawings, drawings
derived from images, and survey mapping using local systems of reference that lack global coordinates.
Documentation of features and objects within a site or structure is also often performed using subjective
or time-consuming dimensional recording strategies, including hand-drawn and measured renderings and
CAD that rely on hand measurements and require physical access to the object or area being documented.
Terrestrial LiDAR survey and laser scanning applications, particularly when integrated with other forms of
spatial survey and documentation, offer new potentials for more rapid, robust, accurate, and
representational recording of archaeological and heritage phenomena, such as architecture and related
environs (Figures 18 – 20). These methods are meant to be integrated and used as part of a research
design plan, and do not replace the need for heritage documentation best practices with field
documentation using a variety of ways of knowing and recording.
Other heritage and archaeological applications with TLS survey include recording archaeological context,
and in situ human remains, artifacts, and features. These types of applications benefit from the rapid,
accurate, and non-contact means of survey, and potential for lessening disturbance of remains and
artifacts, and benefitting regulatory and legal requirements such as the Native American Graves
Protection and Repatriation Act (NAGPRA). Additionally, TLS combined with ALS can provide a wide area
topographic understanding, and can be used to assist with site configuration and terrain and feature level
analyses, site management, and interpretation (Figure 21; Collins and Doering 2018). Photographs
acquired either internal or external to the scanner are used to provide realism, color, and texture, allowing
for a representative depiction of the heritage or archaeological phenomenon (Remondino et al. 2014a;
Remondino and Campana 2014b). Many scanners have on-board cameras that also provide spherical
image capture in 360 degrees, beneficial for immersive virtual data exploration.

Challenges and Potentials for Misuse
Considerations for ethical and data misuse concerns with TLS data can be complex, and largely relate to
derivative products that can emerge from use of the data. Sensitive data relating to human remains, and
artifact and feature locations, should be discussed prior to capture with these methods, and research
designs and/or project plan considerations and agreements should include information about both the
archiving, use, and potential for distribution. In the push for open access, consideration also should be
made for data sovereignty and potentials for data capture performed only for archival or sharing with
restrictions applied. Examples of this might include burial, sacred, or NAGPRA sites and locations (Collins
and Doering 2017; Errickson, 2017; Stylianidis, 2016), and for projects that could involve digital
repatriation, data preservation using 3D technology, or capacity building and sharing with recognized and
consenting tribal entities (Bouton 2018; Csoba DeHass, Krisztina, and Taitt 2018).
Thoughtful consideration for ethical representation and potentials for open data should be given as part
of any NPS research design or project plan involving 3D digitization and TLS survey. This is increasingly
important with reality capture integration of multiple types of data, as open data sharing and download
access without proper use and limitation statements, associated metadata, and authorized use agreement
can lead to data being misused or misrepresented through derivative products. Examples of this might be
downloading open data for commercial purposes, remixing or reusing data for gaming or virtual reality
platforms, and/or presenting open data back without contextual understanding. Open data platforms
should be selected based on cultural sensitivity and appropriateness of the materials, with distribution
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Figure 18. 3D Pointcloud data from USF DHHC TLS survey of the Castillo de San Marcos National Monument.

Figure 19. TLS data post-processed to produce a sectional mesh model from 3D data. Ambient Occlusion techniques are used to
consider surface texture and feature areas (inset), with the TLS dataset cleaned of room content to reveal and study walls and
structural details. These models are millimeter-level in detail capture and have high potentials for visualization, heritage tourism,
and interpretive value, as well as support metrological analyses and condition study.
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Figure 20. 3D mesh renders can be used in condition and CAD analysis studies, shown here in relation to a legacy measured
drawing survey. Measured drawings derived from these data are also performed dependent on the level of survey and outcomes
desired.
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Figure 21. TLS survey by the authors of the earth lodge at Ocmulgee National Monument. Pointcloud data (above) can provide
interesting visualizations including the ability to have transparent understanding of this subterranean feature. The measureable
data collected is accurate to <2 millimeters and derivatives from post-processing provide a means to virtually view, interpret and
understand this structure. Sectional analyses can be used to forensically study construction sequences and elements, and data
can also be used for repairs, maintenance, and long-term preservation of the site.
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restrictions clearly stated and traceability for use considered. Examples for reputable open 3D data sites
that have considered these issues include a number of library and museum digital collection repositories,
the Open Heritage 3D initiative , CyArk, and Open Topography. Open Heritage 3D, CyArk, and Open
Topography function as archives and distribution hubs for 3D data, and include ALS, TLS, and
photogrammetry SfM data. Currently, there are a few repositories for sovereign data, although at present
these are largely private online archives and do not have solutions for sharing of 3D data and models.
Capacity building with tribal affiliates might develop this area further, with a growing need for virtual
sharing, education, and digital preservation.

Structured Light and Triangulation Close Range 3D Scanning
Overview and Applications
Hand held portable and desktop laser scanner configurations are used in cultural heritage digitization for
more close range and higher precision needs that offer sub-millimeter to micron level accuracies (typically
ranging from 0.1 mm - 0.05 mm 3D accuracies- but with micron level configurations available). These types
of scanners include short range triangulation instruments and projected or structured light instruments.
Laser based scanners capture an object’s shape by projecting a laser line or multiple lines onto an object
and then detecting the reflection using single or multiple sensors. Using triangulation, the location of
points are determined by forming triangles to it, allowing these scanners to accurately capture a 3D shape
(Stylianidis 2016).
Newer classes of light scanners operate with blue LED, flash, and VCSEL ((Vertical-cavity surface-emitting
laser) technologies, and are combining computational photography and imaging with tools such as
embedded IMU (Inertial Measurement Unit), accelerometer, a gyroscope, and a compass. These added
tools provide excellent, targetless tracking across surfaces, with better registration of data without the
need for markers (Artec3D 2019). In general portable scanners capture point cloud areas or patches
collected that can be merged or stitched, or are captured using real time registration utilizing commonality
in the positions recorded (van Dijk 2016). These merged or solid surface data can then be further refined
using 3D modeling software. Triangulation scanners are a good choice for archaeological documentation
that requires high precision and accuracy for objects ranging in size from hand-held to approximately the
size of a car. These types of scanners are less sensitive to lighting conditions and can be more portable
and able to scan tough surfaces such as dark or shiny objects. Examples of archaeological applications
using triangulation scanners include museum collection documentation, and digitization of sculptures and
monuments (Cordova Tello 2016; Doering and Collins 2010; van Dijk 2016).
Emerging technologies in the areas of structured light scanners are enabling much faster rates of data
acquisition, promoting ease in coverage of larger areas of interest, such as architectural features,
monuments and larger artifacts or objects (Figures 22 and 23). This class of scanner is designed for a wider
range of environmental and lighting conditions, and offers onboard computing (wireless and untethered
from computer) scanning. Even with the larger areas of coverage possible for this instrument, 3D
accuracies are still approaching 0.1 mm accuracies.
Taking point based measurements into a surface meshing 3D software allows for solid surface
development producing highly detailed rendered models. Depending on software preference and postprocessing pipeline, point cloud or solid surface models can be used to create measured sections and
drawings, and these data derivatives are becoming more automated with 3D software packages, offering
valuable applications for architectural and structural engineering specialists in the heritage sector.
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Figure 22. Wireless structured light scanning is now allowing for close range resolutions across larger surface features, with rapid
acquisitions speeds and accuracies approaching 0.1 mm.
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Figure 23. Structured light scanning used by authors on the Coat of Arms detail area at the Castillo de San Marcos National
Monument, St. Augustine Florida. Ambient Occlusion (AO), true color capture, and normal mapping renders allow for surface
degradation study, and examination of extant carved elements.
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Visualizations, animations, computer assisted drawings (CAD), and model renders have broader impact
value for heritage tourism and interpretation, and are increasingly being shared through global 3D social
media platforms, and through the use of embeddable viewers online.
Structured light scanning instruments are progressively becoming more widely used in archaeological field
methods, but care must be taken for environmental conditions, such as lighting and appropriateness of
surface and area that are being recorded. Structured light instruments offer high geometrical accuracy,
and are most appropriately used with indoor environmental settings, such as in museums and
laboratories, or when conditions can be controlled (Kersten 2016). Outdoor applications and use entail
controlling for light with shading or during times of preferable conditions such as overcast or
evening/night scanning. Devices used range from scanners with articulating arms, more suitable to lab or
museum settings; to hand held devices that can be used portably and offer a variety of color capture and
resolution options. Trade-offs with these types of scanners include the size and type of materials that are
able to be captured, and the necessity for control over environmental conditions, such as lighting. Many
commercially available structured light and triangulation scanners now come in affordable and highly
portable size and weight configurations, with on-board computing integration and options for battery
powering, which make these types of instruments a reasonable addition to the archaeological digital field
kit.
Technology selection has to include review of object surface characteristics such as specularity, shine, and
reflectivity that can limit scanning results. Environmental aspects such as intensity of light, and exposure
to elements such as dust, cold, or heat can also be critical factors in instrument selection and techniques.
Understanding the final purpose for the data to be collected can greatly assist with instrument selection,
method, and approach needed (see Figure 23). Also critical is the production of data with archival stability,
with preference for file types that are software and operating system neutral. Examples of these neutral
or accessible file types include OBJ and STL. Registered point data, prior to meshing or merging the 3D
data is also sometimes preferable for file archival storage.
Derivatives from close range laser scan data include 3D models and renders, animations, and rapid
prototype replicas (Figures 24-26). These derivatives are scalar and resolution dependent, requiring
research designs and project planning considerations to be addressed that include class and type of
instrument and post-processing needs, ensuring a full range of viable outcomes from data acquisition.
Factors relating to equipment and procedural selection cannot be overlooked, as this selection will have
direct implications for data potentials (Di Angelo et al. 2018). Factors to consider include: level of detail
required, derivatives desired (for example exhibition needs, replicas, management or conservation
research products, etc.), need for color integration with scanner, portability, cost, and level of expertise
needed. Location and environmental conditions might relate to timing, access, speed of acquisition, and
equipment portability needs. Museum or collection based scanning often also includes the need for
additional equipment, including turn table automation, lighting, and contemporary photographic texture
imaging equipment (see Figure 24).
The high resolution and accuracies available with newer classes of short range portable scanners, offer
many benefits for improved research potentials, management, conservation, exhibition, and utilization of
3D for education, tourism, outreach, and visual and graphic presentations. NPS sites and collections can
work with digital heritage specialists to develop programs for monitoring change, weathering, and
degradation of exposed surfaces, such as the Coat of Arms shown previously in Figure 23, providing a
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Figure 24.Typical set-up on site with portable structure light scanner, turntable, and computing equipment (above), and showing
typical portable photography that is performed external and in addition to the color capture from the scanner. External photos
can offer higher resolution texture and documentation options and are often performed as part of a reality capture workflow.
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Figure 25.Example of 3D mesh render of artifact from Ocmulgee National Monument museum collections. The model is derived
from triangulation scanner data. External to the scanner photography was utilized for color texture mapping to the 3D geometry
of this artifact, and renders and models were created for digital documentation and research, as well as interpretation and display
potentials.
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Figure 26. Artifacts from Fort Frederica National Monument collections were documented using structured light close range
scanning. 3D renders (above) of a group of selected pipes were made, and several models were selected for 3D printing and
painted replica development (below). Replica objects will be used for display purposes off-site and for educational kits as part of
an on-going collaborative digitization project with the park. (See the collection: https://skfb.ly/6ByAX ).
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means for studying geometry change that is occurring between two temporal measurements.
Additionally, these data can be compared to legacy information, with potentials for quantifying surface
loss and look at repair and conservation measures, as well as potentials for interpretation and rapid
prototyping of replicas (Figure 27).
Replica production from close range scanning, can be useful for repair and conservation applications. For
example, decorative ceiling molding from a historic house can be captured using these technologies and
these data can be used to fabricate bad or missing elements (Figure 28). Tactile wayside opportunities,
fabrications for exhibitions, indigenous knowledge collaborations, the creation of digital and tangible
surrogates and repatriation support, are all areas for beneficial outcomes using close range laser scanning
(Figures 29 and 30; Hollinger and Partridge 2017; Csoba DeHass, Krisztina, and Taitt 2018).

Challenges and Potentials for Misuse
Potentials for misuse of these types of highly detailed and exacting models exist, especially in terms of
open data access and online viewing and distribution platforms. NPS Agreements Technical
Representatives (ATRs) and appropriate professional staff coordination, must carefully work with park
projects being proposed or undertaken, both internally and externally to the park system, to ensure that
considerations are made for data security, use, and sharing. While much discussion has been had
concerning open data and accessibility, little research or planning has gone into options for digital
sovereignty of data and digital representation concerns, with no real guidelines currently available for the
digitization of indigenous cultural heritage objects (Csoba DeHass, Krisztina and Taitt 2018, Gish Hill and
Csoba DeHass 2018).
The idea of digital repatriation, involving the creation of a digital surrogate of an item and sharing it back
with the indigenous origin community, provides both interesting new opportunities as well as ethical and
contested challenges. There are numerous examples of objects being digitally documented with close
range laser scanning and imaging techniques, that are turning up in online viewing platforms devoid of
any contextual information and meant to be seen and shared in ways that often promote exoticism
without appreciation for the perspectives of the descendent communities (Gish Hill and Csoba DeHass
2018). Object 3D documentation and wide audience visualization, especially when lacking contextual
details, can lead to objects and artifacts being seen perhaps very differently than how indigenous creators
would have viewed or understood the piece. Rituals and associations with landscapes, personages, and
spiritual aspects are often absent or not reflected when we portray 3D objects. Laser scanning and imaging
for 3D digitization of collections and materials relating to repatriation objects or ethnographic materials,
for example, can involve origin communities with archeological digital documentation workflows, building
capacities for memory capture, and providing protected access where appropriate to sovereign data, and
allowing for the virtual repatriation sharing and visual access, and collaboration around connecting
intangible meanings with tangible artifacts (Csoba DeHass and Taitt 2018; Hollinger et al. 2013).
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Location: Castillo de San Marcos
National Monument, St. Augustine,
FL.
Subject: Condition of the coat of arms
over main entrance (Sally Port)

Type of Documentation: 3D Laser
Scan Model and texture photo images
– University of South Florida Libraries,
Digital Heritage and Humanities
Collections
Date: 5/15/2019

Remarks: surface defoliation and loss
is significant
Figure 27. Surface degradation monitoring, with submillimeter level geometric data capture and the ability to temporally compare
scans and images (below) going forward in measurable ways. Legacy data comparison (above) adds context and understanding
to the rate of deterioration. Viewable model with annotations: https://skfb.ly/6N8HY .
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Figure 28. Example project by the authors showing orthographic rendered views of fixed and profiled historic ceiling molding
elements that were prepared for master model mold to create plaster replica sections that can be sanded and painted to
approximate the original.

Figure 29. Wayside signage at the Castillo de San Marcos National Monument that incorporates close range 3D laser scan metal
tactile model that demonstrates what the original Coat of Arms would have looked like.
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Figure 30. DHHC 3D Specialist Jorge Gonzalez works with the Smithsonian Institution's Tribal Liaison, Eric Hollinger, to laser scan
the Angoon Mother Bear Hat (courtesy of Clan Leader Dan Brown). Gonzalez is using the Artec Spider Structured Light 3D scanner.
The Smithsonian has worked in collaboration with the tribes, using concepts of data sovereignty to repatriate replicas that are too
fragile to be returned for use in ceremonies. In this case replicas from 3D scanning are allowing hats and other objects to be used
again and the data collected, such as the model produced of the Mother Bear Hat, are providing insight into how objects were
created and artisan practices. For more on this project see: https://www.juneauempire.com/news/new-technology-brings-oldtlingit-hat-back-to-alaska/ .

Additional challenges with these types of data generated from close range 3D laser scanning relate to
creative commons open sharing or potentials for commercialization of heritage data. Data made freely
available for download for example, without proper care for creative commons licensing levels, copyright
statements, or terms of use agreements, can lead to unintended use and distribution, remixing and
changing of source file data, and reuse or re-adaptation to commercial platforms or replica production.
While these types of open sharing and downloading of 3D data may be appropriate for some types of
materials and have promise in areas of accessibility, learning, and sharing, there are materials that should
not be made available for open access download, remixing, and replication for reasons of sensitivity and
cultural ethics. Most online platforms for 3D model visualization and access are now allowing for various
restriction levels to be placed on 3D models, ranging from locked and password protected capabilities, to
restricting access to viewing only and not allowing data download. Discussions around 2D image collection
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repositories and cultural data have relevancy to 3D digitization debates, with research addressing the
ethics of ownership, digital representation, and accessibility (Douglas and Hayes 2019). Still, shortcomings
relating to security, access, and sharing of 3D data are in need of further address.
Best practices and standards in areas of object-based and 3D documentation are being addressed by a
number of groups, including ICOM (International Council of Museums) and CIDOC (International
Committee for Documentation), but largely concur that comprehensive approaches are still widely
missing (CIDOC 2018). Organizations that lack overarching digital strategic plans and priority setting has
led to unwise spending and one-off hardware and software technology purchases with high potential for
misuse or obsolescence of these acquired resources.
Quality of 3D representation is another area of concern, with poor quality or inappropriate scalar or
resolution considerations, potentially influencing how an object or artifact is understood. Hype relating
to scanner specifications or potential outcomes can also lead to the thought that when an object is
digitally captured, whatever the means or scanning methods used, that this equates to being digitally
archived and/or preserved, when in fact standards for data capture or modeling may be lacking or absent
entirely. Examples include poor data capture skills or inadequate modeling methods in post-production,
or could relate to the selection of inappropriate equipment selection based on object size, geometry,
scale, specular qualities and environmental settings, or resolution specification needs. Cost of close range
laser scanning equipment can vary greatly, and there are major differences in capabilities not only with
equipment selection, but with skills necessary for operation and post production. Lack of consideration
for data accuracy and registration requirements, and the move toward technologies that promote ease
of use with lessened need for reference targeting or scale, can lead to models produced that are not
reproducible or appear lacking in authenticity, distortions of the original they purport to represent. For
example, when documenting monuments or artifacts with 3D techniques, if carved surface detail is part
of the research outcome desired, different results and analytic capabilities emerge based in part of the
selection of scanner and resolution specifications (Figure 31). For this reason, multiple types of
instruments and approaches are often needed for a robust documentation strategy.
Scanner hardware automation and ease of data capture, while encouraging wider audiences to be
involved in technological applications, can also lead to inaccuracies or inabilities to extract meaningful
information from acquired data. For example, high level 3D software and visualization skills may be
necessary to examine and fully represent underlying content data collected. Software and modeling
advanced skills are often needed to perform meaningful analyses or to establish conservation monitoring
and/or condition assessment strategies (Figure 32).
Use of best practices and standards for resolution, scale, accuracy, and output should therefore be
paramount to research design, project development, and metadata reporting. Standardization in
metadata practices for 3D repositories is a current area of evolving research and development, with
metadata standards incorporating needs for linked open data repository structures (Mi and Pollock 2018)
and issues relating to reproducibility from data capture through end model (Blundell 2018; Blundell et al.
2018). The file size and storage needs relating to 3D data, particularly high resolution close range 3D data,
have led to institutional and 3D community challenges with digital archiving standards and needs
(Billenness 2011). Recording 3D digital information and storing these data continue to raise questions
about security, ownership, and privacy with continued need for ethics protocol development to stay
current with the technologies (Colley 2015). Changes in approach to data management, adaptation to
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Figure 31. Example showing resolution differences across a carved stone surface, using two different types of close range 3D
laser scanners. This example shows the lack of fine scale detail capture in the above example when compared to the same
carved area in the example below (Doering, Collins, Gonzalez, and Garcia n.d.).
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Figure 32. Close range 3D laser scan data from structured light instrument, showing geometry data capture, color texture
visualization, and the removal of color and modeling with ambient occlusion surfacing techniques to reveal coat of arms and
lettered banner details, as well as fine incisions and metalwork design.
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concerns that arise, and the constant transformation of the 3D tech landscape, require digital data and
objects to be actively curated (Richards 2008).
Data collected using best practices, rigor in relation to scale, accuracy, attention to developed metadata
information, and adhering to agnostic, software neutral file types and storage practices, can allow 3D data
to be useful for future software and processing developments. Best practices can also help to provide a
lasting referent that can be linked to a temporal moment for the feature or artifact documented. There
are numerous examples for the need for monitoring and archival documentation of cultural heritage sites
and objects, with natural disasters, climate change, vandalism and looting, all illustrating the necessity for
accurate primary data.

Terrestrial and Object-based Photogrammetry
Overview and Applications
Heritage managers, museums, and tourism sectors are all benefitting from the transformative
technologies and advances with 3D and digital documentation strategies, with multiple sensor integration
and reality capture techniques quickly becoming standard tool options for archeology. Types of 3D
imaging methods are increasingly being used along with traditional recording techniques such as standard
photography and measured drawings. Costs of TLS and GPS survey instrumentation are still considerable,
particularly when factoring in software, storage, computing, and maintenance needs, as well as technical
expertise- all factors which must be considered when budgeting the true cost. New lower priced 3D
scanners are becoming more available, but still are at a price point not allowing for wide scale standard
adoption. Photogrammetric and reality capture tools are increasingly being considered and incorporated
into the archaeological kit to provide means for 3D documentation (Davis et al. 2017).
Photogrammetry, deriving measurements from overlapping photographs (Linder 2016), is not a new
technique, but software algorithm improvements, ease of use, and computing developments, along with
the ubiquity of high resolution and relatively low cost camera and mobile devices, have propelled
photogrammetry as an attractive means of offering lower-cost solutions to creating 3D content.
Photogrammetry is also increasingly becoming an automated workflow, with lower cost and open source
software availability for image matching, also boosting photogrammetric technique applications. The rise
in more sophisticated computational photography has extended to mobile phone devices and cameras,
with 3D and close range virtualization options quite literally available to the masses. While sequence
photos with overlap using Structure from Motion (SfM) methods can be performed in ways that produce
dense 3D surface models, techniques relating to camera configuration, orientation and positioning, and
best practices regarding how the camera is moved relative to the object, artifact, or feature being
documented, have a great influence on the degree of precision and accuracy. Outcomes can be greatly
improved through the use of calibrated scale bars that are placed in close proximity around areas or
objects being documented (Figure 33). Scale bars that are calibrated can be detected in software
packages, such as Agisoft Metashape Pro, finding centroid positions on the scale bar targets to assist in
registering photographs one to the next (Cultural Heritage Imaging 2019). Turntable automation and
multi-camera and dome type camera set-ups are frequently used in controlled settings, such as in the
documentation of museum object collections, while single camera and/or portable devices are more likely
options for outside field workflow options.
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Figure 33. Examples of use of target calibrated scale bar and color calibration with artifact digital documentation (above).
Photogrammetry data were used with 3D laser scanning in this case example of our documentation of the Key Marco Cat
Statuette at the National Museum of Natural History in collaboration with the Smithsonian Institution. The below renders show
geometric data capture from structured light scanning, ambient occlusion model without color, color texture applications from
photogrammetry and blending of laser and color capture data in our finalized rendering workflow.

Challenges and Potentials for Misuse
Photogrammetry applications and advances in computational imaging with mobile phone devices is likely
to represent one of the largest potentials for challenges and conflicts relating to digital heritage and our
nation’s parks and museums. This is due in part to the fact that 3D virtualization can be performed, with
increasingly higher levels of resolution and capabilities, and with very little exposure of activities or need
for extensive equipment. While much regulatory consideration has been given to UAS drone use in parks,
little consideration or understanding exists relating to computational imaging and photogrammetry and
the potentials for misuse.
As previously discussed, main areas of ethical conflict with digital heritage evolve around concerns for
cultural context, sensitivity of materials, ownership, and representation (Quintero et al. 2019). While
photogrammetry, with its lower cost and wide scale availability has much to offer in terms of the
production of open data and allowing researchers and the layperson the capacity to rapidly capture the
world in 3D, with this technology comes potentials for misapplication or use that commercializes or
provides inappropriate context and representation of heritage sites or objects. Emerging technologies
that use 3D information and models, such as mixed reality (MR), virtual reality (VR) and augmented reality
(AR) are part of the drive to collect 3D data through camera-based capture strategies. Online 3D
visualization platforms, several of which offer commercialized store front opportunities, allow users to
post and share data, with options for making information only viewable, or making available through a
variety of Creative Commons licensing schema. While the majority of reputable organizations and entities
using these platforms exhibit ethics and care around representation, availability, and sharing of cultural
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heritage data, there are nonetheless examples of misuse, primarily noted in non-archeological community
users posting and sharing photogrammetry models. Once data is made available for download with open
CC licensing, heritage objects and locations can be used for applications such as environments, or
backdrops for gaming and VR applications (Figures 34 and 35). Commercial applications using store fronts
for purchase and download of 3D data, also contain models of artifacts, landscapes, and museum
materials available for a cost to download (Figures 36 and 37).
Other areas of challenge and misapplication of photogrammetric data relate to the selection and use of
the approach itself as a means of reliable and accurate documentation. Caution in terms of precision or
repeatability of measurements with these lower cost methods is needed, along with considerations for
trueness and accuracy of representation, resolution, and best practice standards. While it is tempting to
integrate these methods into the archeological toolkit, training and understanding for appropriateness of
use and limitations, as with any digital strategy, is needed.
Benefits compared to laser scanning include the ability to cost effectively create 3D visualizations and
documentation of objects, features, and architectural details. These techniques can be performed using
more sophisticated and accurate tools and approaches, or can be done using more generally available
gear and open source or free to low-cost software. Following best practices and documentation metrics
established (Cultural Heritage Imaging 2019), digitization may in some cases be less rapid than using laser
surface scanning approaches. Combining technologies, using photogrammetric imaging in conjunction
with surface scanning to provide geometry and photo texture realism, may in some cases prove more
beneficial than using camera on board scanning options.
Selection of method and approach depends on the goal of the research design, and the type and quality
of information needed to address research aims (Di Angelo et al. 2018). Considerations include ease of
use and economics, but also robustness and consistency in analysis. Generally, the geometry derived from
structured light and other types of 3D surface scanners can prove more robust than that produced from
photogrammetry (Figure 38), however, the color and texture capabilities making for a viewable render or
model might be more representative using photogrammetry techniques. Factors relating to
representativeness, archival digital surrogate and preservation needs, imperilment or need for best
available technology applications for digitization, and factors relating to access, budget, and
environmental parameters, may all factor into selection of methods. Photogrammetry can offer robust
means of 3D render and model production when performed using best practices, and with more
sophisticated sensors and with added measurability and scale (Cultural Heritage Imaging 2019).
Conservation techniques and applications are increasingly using 3D data, with rapid prototyping and 3D
printing techniques benefitting from the detailed and representational models that emerge from both
photogrammetry and laser scanning. New opportunities for sharing and broad dissemination of 3D
models is being used with cultural heritage objects and artifacts. Online sharing and virtual model
representation has the potential to increase collaboration and make archaeology more accessible (Collins
2018), but also must be balanced against ethical considerations on the use of digital technologies to
represent historical objects and sites. Models that are of poor quality and resolution are not beneficial for
preservation or analyses. Further, poor resolution or quality can be problematic if we are relying on these
data to provide reconstructive potentials or offer the models as a means of preserving and accurately
documenting heritage (Khunti 2018).
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Figure 34. Wonderland Ranch area, part of Joshua Tree National Park, captured with photogrammetry, provides a 3D immersive
environment for VR. Data was discovered on the EF EVE platform and volumetric capture software site (https://efeve.com/platform/scans/wonderland-ranch-joshua-tree-np), and being reused for VR environment and shared via social media
(https://twitter.com/ef_company/status/1087719054469664768?s=21 ). Data is freely downloadable, with a CC AttributionNonCommercial-ShareAlike license.

Figure 35. 3D model derived from photogrammetry at a National Park, and being commercially sold for download, allowing for a
variety of representations and potentials for contextual misuse (https://sketchfab.com/3d-models/cliff-palace-mesa-verdecolorado-4ad7f4618b3244b8862f68c104e2ba84 ).
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Figure 36. Example of photogrammetric 3D model of a cultural heritage object, provided online devoid of context, and available
for commercial purchase with open CC licensing for reuse. Numerous objects lacking provenance and context are offered for sale
or are free to download. https://sketchfab.com/3d-models/casas-grandes-pot-e649175ee73a4444a37d24b6a5ca5152 .

Figure 37. Example of museum object that was documented using photogrammetry and has been made available for download
with only a model citation request (CC Attribution license). These models can then be used commercially or can have conflicts arise
over ownership, representation, and context misuse. https://ef-eve.com/platform/scans/head-of-the-greek-god-hades .
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Figure 38. Comparison of photogrammetry (above left) and structured light surface scanning (above right) of a stucco statuette
(University of South Florida Libraries Special Collections). Removing the color from both 3D models (below) shows the lack of
underlying detail in this photogrammetry model, despite having a visually appealing model when color texture is applied (above
left).
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Discussion and Conclusions
Imaging and laser scanning technologies, associated advancements in methods for using the data
collected with these instruments, and the rise and availability of mobile platforms such as UAVs for
deploying these technologies, are greatly assisting professional archeologists in locating, documenting,
managing, and preserving archeological and heritage sites. These advancements in digital reality capture,
along with the social sharing and open data initiatives with 3D data, must be tempered with ethical
concerns as we look to the future of 3D and spatial data in archeology and cultural heritage.
For our National Park System, misuse of 3D spatial data involve the potential for unintended outcomes,
and challenges relating to land and resource management and permitted activities, along with issues of
appropriateness, privacy, copyright, and the potential for criminal misconduct. Further, as 3D
technologies become more common to the archeological toolkit, agencies and institutions must examine
and plan for these concerns, creating a digital strategy that addresses and promotes sustainability of
resources, balances public engagement and open data with the need for tribal participation in the creation
of sovereign data cognizant of origin community concerns, and examines potentials for partnerships,
training, and collaborative research to remain technologically capable and economically feasible in the
quickly evolving digital heritage arena (Colley 2015; Csoba DeHass, Krisztina, and Taitt 2018; Frank R.D.
2015; Richardson 2018).
There are numerous examples of fragility and need in our parks for using well planned digital heritage
documentation strategies to combat the vulnerability and impermanence of heritage sites and objects.
From our most beloved and universally valued locations and treasures, to the as yet undiscovered sites,
to the collections and interpretive museum display objects. Digital tools and strategies can allow for rapid,
accurate, and readily accessible information to help in contend with factors including climate change,
natural disaster, and outreach and education, and research needs. New technologies and methods of 3D
and digital documentation hold promise for archival preservation and resource management, but too
often, these data are difficult to locate, unavailable, or are themselves threatened due to insufficient
levels of preservation and planning.
Diverse audiences will benefit from access to the rich datasets that emerge from digitization projects.
Guidance in using the data, careful preservation, and consideration for ethical issues must balance
technical and methodological expertise before heritage data is broadly disseminated (International
Council on Monuments and Sites 2014; Gish Hill and DeHass 2018; Hollinger and Partridge 2017; Quintero
2019).
Many documentation projects are occurring in National Parks and at other public and protected sites and
museums internationally, involving the use of 3D, imaging, and LiDAR technologies including the
proliferation of new platforms such as unmanned aerial vehicles (UAVs). Despite the phenomenal growth
in the number of projects, standards and best practices lag behind the technology, sometimes limiting the
potentials for use. Documentation projects can lack enduring value because discoverability and
accessibility considerations are afterthoughts rather than primary components of the project’s scope and
outcomes. For example, three-dimensional products such as video animations are sometimes presented
as sufficient end results without a conceptual tie to actual research questions or future use. In other cases,
3D models created are of poor quality, and are distributed as providing digital surrogacy and preservation
for the objects, structures, or landscapes they represent. Platforms for data sharing do exist, and in some
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cases provide adequate discoverability and access layers for a variety of users, but gaps in our ability to
locate and employ data in meaningful ways persist.
Concepts relating to digital repatriation, tribal collaboration around digital data, and soverignity of data,
have lagged behind discussions for open access relating to 3D and spatial imaging data (Csoba DeHass,
Krisztina, and Taitt 2018; Gish Hill and DeHass 2018; Hollinger and Partridge 2017; Quintero 2019).
The ability to rapidly and accurately document the world around us is revolutionizing the field of
archeology and museum studies. Simultaneously, the 3D revolution is creating novel areas for research
collaboration, archival collection schemas, and curriculum integration, including innovative opportunities
for libraries to become strong partners through the creation of digital heritage collections. The
aggregation and administration of 3D data, including the creation and maintenance of metadata and
linked, discoverable data (Xiying and Pollack 2018; Blundell et al. 2018), is critical not only for day-to-day
management and preservation, but are especially relevant to disaster response and loss mitigation.
Spatial data curatorial and discoverability dimensions relating to these new types of information, create
the need for cooperation and collaboration around these challenges.
These technologies, while novel and providing striking digital experiences, still must be considered as a
method or approach that is applied to research, interpretation, management, and response needs.
Institutional consideration for how the public, as well as origin communities, see, interact with and use
these data, are also principal considerations. Visualization of data using mixed reality (MR, VR and AR) and
multimedia approaches, 3D printing, and 3D social media applications, are also rapidly evolving for
heritage preservation, research, education, and dissemination. Thoughtful approaches to the collection,
intentional construction of metadata, assessment of ethical considerations, and the appropriate
presentation of digital heritage data for all, is required if the field is to go beyond the hype of these
technologies. The inclusion of diverse voices and perspectives and the continued resource aggregation
and sharing is central to collective success.
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APPENDIX A - Publically available ALS LiDAR data in Parks with Percent
Coverage
UNIT_CODE
TUZI
FOBU
MANZ

UNIT_NAME
Tuzigoot National Monument
Fossil Butte National Monument
Manzanar National Historic Site

HUTR
NAVA

Hubbell Trading Post National
Historic Site
Navajo National Monument

0
0

WHIS
RABR
NABR
PIMA

Whiskeytown-Shasta-Trinity National
Recreation Area
Rainbow Bridge National Monument
Natural Bridges National Monument
Hohokam Pima National Monument

0
0
0
0

HAFO

Hagerman Fossil Beds National
Monument

0

MOCA

Montezuma Castle National
Monument

0

SAND
CARE
DEPO
CECH
CHIR
DETO

Sand Creek Massacre National
Historic Site
Capitol Reef National Park
Devils Postpile National Monument
Cesar E. Chavez National Monument
Chiricahua National Monument
Devils Tower National Monument

0
0
0
0
0
0

CACH

Canyon de Chelly National
Monument

0

CAMO

Castle Mountains National
Monument

0

CRMP

Craters of the Moon National
Preserve

0

CRMO

Craters of the Moon National
Monument

0

ORPI
WUPA
PEFO
TUMA
DENA
LACL
NOAT
ALAG

Percent_Covered
0
0
0

Organ Pipe Cactus National
Monument
0
Wupatki National Monument
0
Petrified Forest National Park
0
Tumacacori National Historical Park
0
Denali National Preserve
0
Lake Clark National Preserve
0
Noatak National Preserve
0
Alagnak Wild River
0
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ANIA
KATM
KOVA
GAAR
ANIA

Aniakchak National Monument
Katmai National Preserve
Kobuk Valley National Park
Gates of the Arctic National Preserve
Aniakchak National Preserve

0
0
0
0
0

YUCH
LACL

Yukon-Charley Rivers National
Preserve
Lake Clark National Park

0
0

KLGO
KATM
GAAR
MOJA
WRST
ARCH
DENA

Klondike Gold Rush National
Historical Park
Katmai National Park
Gates of the Arctic National Park
Mojave National Preserve
Wrangell-St. Elias National Park
Arches National Park
Denali National Park

1.14663E-05
0.003734435
0.004458335
0.006806045
0.010017691
0.010345723
0.01378001

BELA
MIIN
WRST

Bering Land Bridge National Preserve
Minidoka National Historic Site
Wrangell-St. Elias National Preserve

0.014678283
0.020065413
0.02255861

CAKR
HALE
CANY
KICA
GLAC

Cape Krusenstern National
Monument
Haleakala National Park
Canyonlands National Park
Kings Canyon National Park
Glacier National Park

0.025029104
0.029254538
0.029900384
0.035662582
0.037576385

GLCA
KEFJ
DEVA

Glen Canyon National Recreation
Area
Kenai Fjords National Park
Death Valley National Park

0.041216844
0.047882624
0.054024823

BICA
YELL
LABE
OLYM
GLBA
JOTR
GRCA
NOCA
DINO
SEQU
LAKE
YOSE

Bighorn Canyon National Recreation
Area
0.070040068
Yellowstone National Park
0.088268875
Lava Beds National Monument
0.111074058
Olympic National Park
0.19897632
Glacier Bay National Park
0.211482667
Joshua Tree National Park
0.274522411
Grand Canyon National Park
0.28950289
North Cascades National Park
0.297560329
Dinosaur National Monument
0.297721222
Sequoia National Park
0.298170528
Lake Mead National Recreation Area
0.306312046
Yosemite National Park
0.36549843
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NPSA

National Park of American Samoa

BUIS
LAVO
CORO
HOVE
ROMO
KALA
ROLA

Buck Island Reef National Monument
Lassen Volcanic National Park
Coronado National Memorial
Hovenweep National Monument
Rocky Mountain National Park
Kalaupapa National Historical Park
Ross Lake National Recreation Area

0.402141624
0.412413073
0.423709665
0.457232434
0.496014456
0.582184701
0.699640122

MAPR

Manhattan Project National Historical
Park

0.751429044

TUSK

Tule Springs Fossil Beds National
Monument

0.773716054

JODA
WACA
REDW

John Day Fossil Beds National
Monument
Walnut Canyon National Monument
Redwood National Park

0.775288538
0.778468923
0.821193973

KIMO
GLBA
PIRO

Kings Mountain National Military
Park
Glacier Bay National Preserve
Pictured Rocks National Lakeshore

0.832423769
0.832705196
0.955162303

CHOH

Chesapeake and Ohio Canal National
Historical Park

0.964302054

HAFE
GUIS
APIS
RIGR

Harpers Ferry National Historical Park
Gulf Islands National Seashore
Apostle Islands National Lakeshore
Rio Grande Wild and Scenic River

0.974464168
0.977189802
0.98509141
0.985324467

SARI
CANA

Salt River Bay National Historical Park
and Ecological Preserve
Canaveral National Seashore

0.985391157
0.989378468

STLI
BLRI
CACO

Statue Of Liberty National Monument
Blue Ridge Parkway
Cape Cod National Seashore

0.990434802
0.990443495
0.994723283

LIBI

Little Bighorn Battlefield National
Monument

0.995079822

BRCR
SACN
MORA
AMIS
BICY

0.40213276

Brices Cross Roads National
Battlefield Site
0.995791028
Saint Croix National Scenic Riverway
0.996690588
Mount Rainier National Park
0.997323801
Amistad National Recreation Area
0.997525513
Big Cypress National Preserve
0.998071173
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APPA

Appalachian National Scenic Trail

0.998249816

LACH

Lake Chelan National Recreation Area

0.998280099

KAWW

Katahdin Woods And Waters
National Monument

0.998321476

SLBE
GRSA

Sleeping Bear Dunes National
Lakeshore
Great Sand Dunes National Preserve

0.998599984
0.998691111

JODR
NATR
SAGU
GRTE
BRCA
SHIL
NIOB
BIBE
ZION

John D. Rockefeller, Jr., Memorial
Parkway
Natchez Trace Parkway
Saguaro National Park
Grand Teton National Park
Bryce Canyon National Park
Shiloh National Battlefield
Niobrara National Scenic River
Big Bend National Park
Zion National Park

0.998771544
0.998912592
0.99901968
0.99917476
0.999232428
0.999276095
0.999479825
0.99952307
0.999544795

BISO

Big South Fork National River and
Recreation Area

0.999614341

BOHA
SHEN
MNRR

Boston Harbor Islands National
Recreation Area
Shenandoah National Park
Missouri National Recreation River

0.999660994
0.999972572
0.999982816

KAHO
GATE
OZAR

Kaloko-Honokohau National
Historical Park
Gateway National Recreation Area
Ozark National Scenic Riverway

0.999995236
0.999996694
0.999999279

EBLA
ISRO
NEPE
DRTO
CHIS

Ebey's Landing National Historical
Reserve
Isle Royale National Park
Nez Perce National Historical Park
Dry Tortugas National Park
Channel Islands National Park

1
1
1
1
1

VICR
WAPA
CRLA
EVER
FOWA

Virgin Islands Coral Reef National
Monument
War in the Pacific
Crater Lake National Park
Everglades National Park
Fort Washington Park

GRSM
AMME

1
1
1
1
1.00000029

Great Smoky Mountains National
Park
1.000001603
American Memorial Park
1.000001764
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GREE
FIIS
JEFF

Greenbelt Park
Fire Island National Seashore
Gateway Arch National Park

1.000002579
1.000002615
1.000002763

HATU
GOSP
PECO
FOVA
FOFR

Harriet Tubman Underground
Railroad National Historical Park
Golden Spike National Historic Site
Pecos National Historical Park
Fort Vancouver National Historic Site
Fort Frederica National Monument

1.000002836
1.000002971
1.000002971
1.000003029
1.000003054

SAMA
FRST

Salem Maritime National Historic Site
First State National Historical Park

1.000003088
1.000003101

LEWI
STON
CANE
FORA
RIRA
PETR

Lewis and Clark National Historical
Park
Stonewall National Monument
Camp Nelson National Monument
Fort Raleigh National Historic Site
River Raisin National Battlefield Park
Petroglyph National Monument

1.000003214
1.000003231
1.000003306
1.000003362
1.000003367
1.000003447

SAFR

San Francisco Maritime National
Historical Park

1.000003464

WACO

Waco Mammoth National Monument

1.000003483

BRVB

Brown v. Board of Education National
Historic Site

1.000003529

MISS
CABR
SAGA

Mississippi National River and
Recreation Area
Cabrillo National Monument
Saint-Gaudens National Historic Site

1.00000353
1.000003549
1.000003557

GWCA

George Washington Carver National
Monument

1.000003596

GARI
STEA

Gauley River National Recreation
Area
Steamtown National Historic Site

1.000003634
1.000003648

RORI

Rosie the Riveter/World War II Home
Front National Historical Park

1.000003663

VALR

World War II Valor in the Pacific
National Monument

1.000003672

GWMP

George Washington Memorial
Parkway

1.000003674

ANJO
JOMU

Andrew Johnson National Historic
Site
1.000003683
John Muir National Historic Site
1.000003698
The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks

61 | P a g e

SAPA

Saint Paul's Church National Historic
Site

1.000003722

CARI
INDU
MLKM
ELMA

Cane River Creole National Historical
Park
Indiana Dunes National Park
Martin Luther King, Jr., Memorial
El Malpais National Monument

1.000003727
1.000003732
1.000003751
1.000003757

GOGA
SAHI
JICA
EISE
KEWE
PERI
FOMR
SITK

Golden Gate National Recreation
Area
Sagamore Hill National Historic Site
Jimmy Carter National Historic Site
Eisenhower National Historic Site
Keweenaw National Historical Park
Pea Ridge National Military Park
Fort Monroe National Monument
Sitka National Historical Park

1.00000377
1.000003778
1.000003778
1.000003779
1.000003795
1.000003797
1.00000381
1.000003812

GRKO

Grant-Kohrs Ranch National Historic
Site

1.000003813

BOWA

Booker T. Washington National
Monument

1.000003818

WHMI
ANDE

Whitman Mission National Historic
Site
Andersonville National Historic Site

1.000003823
1.000003833

DAAV

Dayton Aviation Heritage National
Historical Park

1.000003833

ELRO
CHAM

Eleanor Roosevelt National Historic
Site
Chamizal National Memorial

1.000003834
1.000003842

CHAT
HAGR
ANTI
NISI

Chattahoochee River National
Recreation Area
Hamilton Grange National Memorial
Antietam National Battlefield
Ninety Six National Historic Site

1.000003847
1.000003849
1.000003852
1.000003855

THIS

Theodore Roosevelt Island National
Memorial

1.000003857

BICR

Birmingham Civil Rights National
Monument

1.000003866

CHPI
ALKA
PETE
BEOL

Charles Pinckney National Historic
Site
Ala Kahakai National Historic Trail
Petersburg National Battlefield
Bent's Old Fort National Historic Site

1.00000387
1.000003877
1.000003885
1.000003885
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APCO

Appomattox Court House National
Historical Park

1.000003886

SAPU
VIVE

Salinas Pueblo Missions National
Monument
Vietnam Veterans Memorial

1.000003889
1.00000389

SEMO

Selma to Montgomery National
Historic Trail

1.000003898

WOTR
PISC
VAFO

Wolf Trap National Park for the
Performing Arts
Piscataway Park
Valley Forge National Historical Park

1.000003905
1.00000391
1.000003921

LARO
WAMO
BIHO
FOLS
MONO

Lake Roosevelt National Recreation
Area
Washington Monument
Big Hole National Battlefield
Fort Larned National Historic Site
Monocacy National Battlefield

1.000003921
1.000003922
1.000003923
1.000003924
1.000003925

TUIN
THST

Tuskegee Institute National Historic
Site
Thomas Stone National Historic Site

1.000003926
1.000003926

MABI
FODA

Marsh-Billings-Rockefeller National
Historical Park
Fort Davis National Historic Site

1.000003927
1.000003928

GUCO

Guilford Courthouse National Military
Park

1.00000393

SAJH

San Juan Island National Historical
Park

1.00000393

PAAV
OCMU

Pennsylvania Avenue National
Historic Site
Ocmulgee National Monument

1.000003932
1.000003932

ABLI

Abraham Lincoln Birthplace National
Historical Park

1.000003933

SAAN
SCBL

San Antonio Missions National
Historical Park
Scotts Bluff National Monument

1.000003934
1.000003935

LYBA
DESO

Lyndon Baines Johnson Memorial
Grove on the Potomac
De Soto National Memorial

1.000003936
1.00000394

EDIS
FOPO
BADL

Thomas Edison National Historical
Park
Fort Point National Historic Site
Badlands National Park

1.000003942
1.000003943
1.000003944

The Use and Potential Misuse of 3D and Spatial Heritage Data in Our Nation’s Parks

63 | P a g e

GERO

George Rogers Clark National
Historical Park

1.000003945

GEWA

George Washington Birthplace
National Monument

1.000003946

JOFI
LOWE

John Fitzgerald Kennedy National
Historic Site
Lowell National Historical Park

1.000003946
1.000003946

ALPO
JEFM
FRDE

Allegheny Portage Railroad National
Historic Site
Thomas Jefferson Memorial
Franklin Delano Roosevelt Memorial

1.000003947
1.000003948
1.00000395

EDAL
WWII

Edgar Allan Poe National Historic Site
World War II Memorial

1.000003952
1.000003954

JAZZ

New Orleans Jazz National Historical
Park

1.000003956

KEMO
NATC

Kennesaw Mountain National
Battlefield Park
Natchez National Historical Park

1.000003957
1.000003964

DEWA

Delaware Water Gap National
Recreation Area

1.000003965

SAMO

Santa Monica Mountains National
Recreation Area

1.000003966

WORI

Women's Rights National Historical
Park

1.000003966

INDE

Independence National Historical
Park

1.000003967

TIMU

Timucuan Ecological and Historic
Preserve

1.00000397

SACR
ADAM
PAIS
BITH

Saint Croix Island International
Historic Site
Adams National Historical Park
Padre Island National Seashore
Big Thicket National Preserve

1.000003973
1.000003974
1.000003975
1.000003975

SAIR
JOFL

Saugus Iron Works National Historic
Site
Johnstown Flood National Memorial

1.000003978
1.000003978

BOAF
FOSC

Boston African American National
Historic Site
Fort Scott National Historic Site

1.000003979
1.000003979

FRSP

Fredericksburg and Spotsylvania
County Battlefields Memorial
National Military Park
1.000003981
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CARL

Carl Sandburg Home National Historic
Site

1.000003983

POCH
COLO
FOCA

Port Chicago Naval Magazine
National Memorial
Colonial National Historical Park
Fort Caroline National Memorial

1.000003983
1.000003984
1.000003984

THRI
GRPO

Theodore Roosevelt Inaugural
National Historic Site
Grand Portage National Monument

1.000003985
1.000003987

GICL
HAMP
WICR

Gila Cliff Dwellings National
Monument
Hampton National Historic Site
Wilson's Creek National Battlefield

1.000003988
1.000003989
1.000003989

MABE

Mary McLeod Bethune Council House
National Historic Site

NEBE
HOME
FEHA
FILA

New Bedford Whaling National
Historical Park
Homestead National Monument
Federal Hall National Memorial
First Ladies National Historic Site

1.00000399
1.000003991
1.000003992
1.000003992

WIHO

William Howard Taft National Historic
Site

1.000003992

CHCU
SAJU

Chaco Culture National Historical
Park
San Juan National Historic Site

1.000003992
1.000003993

TUAI
TONT
GRBA
PIPE
LIHO
BUFF
WHSA

Tuskegee Airmen National Historic
Site
Tonto National Monument
Great Basin National Park
Pipestone National Monument
Lincoln Home National Historic Site
Buffalo National River
White Sands National Monument

1.000003995
1.000003995
1.000003995
1.000003996
1.000003996
1.000003996
1.000003996

CASA
MACA

Castillo de San Marcos National
Monument
Mammoth Cave National Park

1.000003996
1.000003997

CAGR

Casa Grande Ruins National
Monument

1.000003997

FLFO

Florissant Fossil Beds National
Monument

1.000003998

WABA
JECA

1.00000399

Washita Battlefield National Historic
Site
1.000003999
Jewel Cave National Monument
1.000003999
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PISP
WEFA
PULL
NICO

Pipe Spring National Monument
Weir Farm National Historic Site
Pullman National Monument
Nicodemus National Historic Site

1.000003999
1.000003999
1.000003999
1.000003999

ORCA

Oregon Caves National Monument
and Preserve

1.000003999

THKO
PRWI
HSTR
GUMO

Thaddeus Kosciuszko National
Memorial
Prince William Forest Park
Harry S Truman National Historic Site
Guadalupe Mountains National Park

1.000004
1.000004
1.000004
1.000004

MALU

Martin Luther King, Jr., National
Historic Site

1.000004

TICA
TUPE

Timpanogos Cave National
Monument
Tupelo National Battlefield

1.000004
1.000004

BEPA

Belmont-Paul Women's Equality
National Monument

1.000004

CAWO

Carter G. Woodson National Historic
Site

1.000004

THRB

Theodore Roosevelt Birthplace
National Historic Site

1.000004

GOIS

Governors Island National Monument

1.000004

CHSC
MIMA
CUVA
CEBR

Little Rock Central High School
National Historic Site
Minute Man National Historical Park
Cuyahoga Valley National Park
Cedar Breaks National Monument

1.000004
1.000004001
1.000004001
1.000004001

KNRI
FOBO
MORU
FOTH
PINN

Knife River Indian Villages National
Historic Site
Fort Bowie National Historic Site
Mount Rushmore National Memorial
Ford's Theatre National Historic Site
Pinnacles National Park

1.000004001
1.000004001
1.000004001
1.000004001
1.000004002

CAVO
MEVE
CHIC
CIRO
ELMO

Capulin Volcano National Monument
Mesa Verde National Park
Chickasaw National Recreation Area
City of Rocks National Reserve
El Morro National Monument

1.000004002
1.000004003
1.000004003
1.000004003
1.000004003

UPDE

Upper Delaware Scenic and
Recreational River
1.000004003
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IATR
ROCR
GRSA

Ice Age National Scenic Trail
Rock Creek Park
Great Sand Dunes National Park

1.000004004
1.000004004
1.000004006

BLCA
MOCR
PORE
MALL
GEGR
EFMO

Black Canyon of the Gunnison
National Park
Moores Creek National Battlefield
Point Reyes National Seashore
National Mall
General Grant National Memorial
Effigy Mounds National Monument

1.000004007
1.000004008
1.000004008
1.000004009
1.000004009
1.000004012

WICL
CURE

President William Jefferson Clinton
Birthplace Home National Historic
Site
Curecanti National Recreation Area

1.000004012
1.000004014

SUCR

Sunset Crater Volcano National
Monument

1.000004014

LOSA

Lower Saint Croix National Scenic
Riverway

1.000004016

AFBG
VOYA
LINC
CATO
LIBO
CAVE
VICK

African Burial Ground National
Monument
Voyageurs National Park
Lincoln Memorial
Catoctin Mountain Park
Lincoln Boyhood National Memorial
Carlsbad Caverns National Park
Vicksburg National Military Park

1.000004019
1.000004019
1.00000402
1.000004022
1.000004025
1.000004025
1.000004025

HEHO
FOLA
FODO
HOSP
YUHO
FOMA

Herbert Hoover National Historic Site
Fort Laramie National Historic Site
Fort Donelson National Battlefield
Hot Springs National Park
Yucca House National Monument
Fort Matanzas National Monument

1.000004026
1.000004027
1.000004031
1.000004031
1.000004031
1.000004037

LIRI
BAND
WICA

Little River Canyon National Preserve
Bandelier National Monument
Wind Cave National Park

1.000004038
1.00000404
1.000004041

JAGA

James A. Garfield National Historic
Site

1.000004042

PEVI

Perry's Victory and International
Peace Memorial

1.000004043

CHCH

Chickamauga and Chattanooga
National Military Park
1.000004044
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FRLA

Frederick Law Olmsted National
Historic Site

1.000004045

FOUS

Fort Union Trading Post National
Historic Site

1.000004045

LAMR

Lake Meredith National Recreation
Area

1.000004047

HOBE
COWP
POPO
WRBR

Horseshoe Bend National Military
Park
Cowpens National Battlefield
Poverty Point National Monument
Wright Brothers National Memorial

1.000004048
1.00000405
1.00000405
1.000004052

MIMI

Minuteman Missile National Historic
Site

1.000004053

RRBH

Ronald Reagan Boyhood Home
National Historic Site

1.000004053

PUHE

Pu'ukohola Heiau National Historic
Site

1.000004054

MAWA

Maggie L. Walker National Historic
Site

1.000004054

FOMC
WWIM
FLNI

Fort McHenry National Monument
and Historic Shrine
World War I Memorial
Flight 93 National Memorial

1.000004056
1.000004057
1.000004059

REER

Reconstruction Era National
Monument

1.000004059

HOFR
COLM

Home of Franklin D. Roosevelt
National Historic Site
Colorado National Monument

1.000004065
1.000004066

CAJO
SARA

Captain John Smith National Historic
Trail
Saratoga National Historical Park

1.000004066
1.000004068

JELA
NACA

Jean Lafitte National Historical Park
and Preserve
National Capital Parks

1.000004068
1.00000407

LECL
CHRI
CACL

Lewis and Clark National Historic Trail
Christiansted National Historic Site
Castle Clinton National Monument

1.000004072
1.000004077
1.000004083

LYJO
ACAD
GETT

Lyndon B. Johnson National Historical
Park
Acadia National Park
Gettysburg National Military Park

1.000004086
1.000004087
1.000004088
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HOCU
STRI
VALL
FOSM
CONG
FOPU
MANA
HONO
WHHO
ARPO
TAPR
RICH
MORR

Hopewell Culture National Historical
Park
Stones River National Battlefield
Valles Caldera National Preserve
Fort Smith National Historic Site
Congaree National Park
Fort Pulaski National Monument
Manassas National Battlefield Park
Honouliuli National Monument
White House
Arkansas Post National Memorial
Tallgrass Prairie National Preserve
Richmond National Battlefield Park
Morristown National Historical Park

1.000004091
1.000004092
1.000004101
1.000004108
1.000004116
1.000004122
1.000004123
1.000004127
1.00000414
1.000004141
1.000004154
1.000004158
1.000004167

PAGR

Paterson Great Falls National
Historical Park

1.000004186

ARHO

Arlington House, The Robert E. Lee
Memorial

1.000004186

HOFU
THRO
CLBA
OBRI
CALO
NERI
BISC

Hopewell Furnace National Historic
Site
Theodore Roosevelt National Park
Clara Barton National Historic Site
Obed Wild and Scenic River
Cape Lookout National Seashore
New River Gorge National River
Biscayne National Park

1.000004211
1.000004211
1.00000422
1.000004232
1.000004245
1.000004247
1.000004265

CEBE
KOWA
AZRU
FRRI
COGA
BOST
EUON

Cedar Creek and Belle Grove National
Historical Park
Korean War Veterans Memorial
Aztec Ruins National Monument
Freedom Riders National Monument
Constitution Gardens
Boston National Historical Park
Eugene O'Neill National Historic Site

1.000004269
1.000004298
1.000004307
1.000004324
1.000004324
1.000004336
1.000004353

CUGA

Cumberland Gap National Historical
Park

1.000004355

MAVA
RUCA

Martin Van Buren National Historic
Site
Russell Cave National Monument

1.000004361
1.000004383

CUIS
BLUE

Cumberland Island National Seashore
Bluestone National Scenic River

1.000004456
1.000004456
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LONG
VIIS
FONE

Longfellow House-Washington's
Headquarters National Historic Site
Virgin Islands National Park
Fort Necessity National Battlefield

1.000004517
1.000004559
1.000004595

ULSG

Ulysses S. Grant National Historic Site

1.000004634

PAAL

Palo Alto Battlefield National
Historical Park

1.000004634

SPAR
HAVO
FOSU

Springfield Armory National Historic
Site
Hawai'i Volcanoes National Park
Fort Sumter National Monument

1.000004731
1.00000477
1.00000498

PUHO

Pu'uhonua o Honaunau National
Historical Park

1.000005192

ALFL
FOST
FRHI

Alibates Flint Quarries National
Monument
Fort Stanwix National Monument
Friendship Hill National Historic Site

1.000005213
1.000005222
1.000005327

CHYO
MUWO

Charles Young Buffalo Soldiers
National Monument
Muir Woods National Monument

1.000005372
1.000005446

VAMA

Vanderbilt Mansion National Historic
Site

1.000005488

FRDO

Frederick Douglass National Historic
Site

1.000005905

AGFO
CAHA
ROWI
FOUN
ASIS

Agate Fossil Beds National
Monument
Cape Hatteras National Seashore
Roger Williams National Memorial
Fort Union National Monument
Assateague Island National Seashore

1.000006168
1.000006612
1.000007238
1.000008506
1.000024991
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